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THE SEX DIFFERENCE IN VITAMIN A METABOLISM*
RICHARD HOFFMANN, M.D.,t, ABBIE SCHNEIDER, YLLKA QUAMO
Various observations indicate a sex difference in the physiologic dynamics
which act upon the vitamin A. Deficiency in vitamin A occurs more frequently
in men than in women (1, 2). The average value of plasma vitamin A is higher
in men than in women while for carotene the relation is reversed (3—7). The
cutaneous carotene is much greater in amount in the female than in the male.
Moreover, its pattern of distribution varies, women showing large amounts of it
in regions which are poor in carotene in men (8). Female rats store and retain
more vitamin A in the liver than the males, while the males have higher blood
values (9). During depletion the livers of male rats lose vitamin A faster than
those of females (10). The minimal protective vitamin A requirement of male
rats is about 1.5 times that of the female of the same age (11).
These differences attracted our attention since the distinct beneficial effects
of a low vitamin A diet on the course of psoriasis vulgaris, reported previously
(12), appeared in 95% of the observed female patients as contrasted with 50%
of the male subjects (13). Statistical analysis of the plasma vitamin A and caro-
tene values of normal psoriatic men and women was done to collect additional
data which might contribute to the understanding of these observations.
METHOD AND MATEEIAL
The plasma vitamin A and carotene levels were determined by the colorimetric
method of Kimble (3) on 113 normal males and 82 normal females and on 75
male and 100 female psoriatic individuals. Duplicate determinations, the average
of which was recorded as the basic value, varied predominantly from 1 to 2
micrograms per 100 cc of vitamin A and 1 to 4 micrograms per 100 cc of carotene
and did not exceed 6 and 10 micrograms per 100 cc respectively. Specimens were
drawn either in mid-morning or afternoon since, in agreement with previous
reports (3, 14), it was found that ordinary meals did not raise the plasma levels
of either carotene or vitamin A. The control group consisted of donors to the
hospital "blood bank" laboratory technicians, hospital interns and employees,
and ambulatory hospital and private patients with minor disorders in which
disturbed vitamin A metabolism could be properly excluded. The psoriatic group
similarly comprised private and hospital out-patients, technicians, hospital phy-
sicians and employees who suffered from the disease. Both groups represented
similar cross-sections with regard to social background and nutritional habits.
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To evaluate the statistical significance of the difference between two means
a t value of 2.5 or more was considered significant (15, 16, 17).'
RESULTS
The average plasma vitamin A level of normal men was higher than that of
normal women (51:41 micrograms per 100 cc) and conversely the average caro
tene level of men was lower than that of women (120:144 micrograms per 100
cc) (Table 1). These findings agree with those reported in representative surveys
(Table 2) (3—7). Also in the psoriatic group, the average plasma vitamin A level
TABLE 1
Statistical Evaluation of Plasn,a Vitamin A and Carotene Levels in Normal and Psoriatic
Males and Females
VITAMIN A IN MICROGRAMS PER 100 Cc CAROTENE ZR MICROGRAMS PER 100 CC.
NUMBER
GROUPS or Stand- tan - Stand- tan -
CASES Mini- aid ar Mini- Mazi- M aid ar
mum Devia- mum mimi tan Devia-
tion Mean tion Mean
Normal
Female 82 22 59 41 8.8 0.98 25 291 144 54.0 6.0
Male 113 26 81 51 11.6 1.09 25 237 120 43.7 4.1
Psoriatic
Female 100 21 74 45 11.1 1.11 47 333 137.5 55.7 5.57
Male 75 22 109 54 16.0 1.84 29 310 136 54.8 6.32
COMPARED GROUPS t VALVE t VALUE
Normal Female and Normal
Male 6.2 3.3
Psoriatic Female and Psori-
atic Male 4.2 0.2
Normal Female and Peon-
atic Female 2.45 0.8
Normal Male and Psoniatic
Male 1.6 2.1
was higher in men than in women (54:45 micrograms per 100 cc) while the caro-
tene levels were almost equal (136:137.5 micrograms per 100 cc) (Table 1). Al-
though the mere comparison of the mean values provides only limited informa-
tion, it can be noted that the vitamin A levels of both psoriatic males and females
were higher than those of normal men and women. Additional information is
SD Standard deviationError of the mean = —/jNumber of observations
Significance of the difference between two means (t value) M1 — M2
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gained by inspecting the frequency distributions of the observations in each
group and comparing their spread and degree of scatter. It is apparent that the
described difference between the average vitamin A levels of normal men and
women is due to the fact that 51% of the male values in contrast to merely 18%
of the female values are higher than 50 micrograms per 100 cc. A similar situa-
tion is found in the psoriatic group (Figure 1). The position of the average caro-
tene levels in the control group, the female mean being higher than the male
mean, is matched by the finding that 17% of the female in contrast with merely
3.5% of the male values are higher than 200 micrograms per 100 cc. The equality
of the average of the carotene levels in the psoriatic group corresponds with the
finding that nearly the same proportions of female and male values lie in the
highest section of the range (Figure 2). These statistical phenomena were sub-
mitted to the test of significance. The statistical difference between the means
TABLE
Means of the Vitamin A and Carotene Levels of the 8lood Serum or Plasma of Normal Males
and Females
AUTHOE
MALES X'EMALES
Number
of Cases
Micrograms per
100 cc
Carotne Vitamin A
Number
of Cases
34
Micrograms per
100 cc.
Carotene Vitamin A
187 27Kimble (3) 30 166 38
Abels (4) et al 62 210* 51 62 180* 45
Murrill (5), et al 25 200 33 20 213 29
Popper (6), Steiginann ? 74 58 ? 85 47
Moore (7), Leitner 46 96 44 37 105 33
Hoffmann 113 120 51 82 144 41
* This is the one exception in which the carotexe level is higher in males than in female8
of the vitamin A values of normal women ad normal men was strikingly signi-
ficant; slightly smaller, but still distinctl3 significant, was the difference be-
tween the vitamin A values of the psoriaric women and men. The difference
between the means of the vitamin A values of normal and psoriatic women was
just at the border of statistical significance while that between the vitamin A
values of normal and psoriatic men was not significant. The difference between
the means of the carotene levels of normal men and women was the only signi-
ficant statistical difference within the carotene group (Table 1).
Since statistically significant sex differences in the plasma vitamin A and
carotene levels were found, it was thought that additional information might be
obtained by the examination of these values in relation to age. The vitamin A
and carotene levels of psoriatic females and males, whose age had been reliably
recorded, were statistically evaluated after dividing each sex group in two
sub-groups, one comprising the subjects forty-five years old or less, the other,
those older than forty-five (Table 3). The results are also valid for the normal
group, since the vitamin A and carotene aIues of the psoriatics did not differ
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significantly from those of normal individuals. The average vitamin A levels in
the older age groups were distinctly higher than those in the younger groups.
The vitamin A level of males over forty-five years was the highest (55 micro-
grams per 100 cc), then followed the equal levels of males forty-five years old
or less and females older than forty-five (48 micrograms per 100 cc); the lowest
average vitamin A level was found in the female group of forty-five years of age
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FIG. 1. Distribution of plasma vitamin A levels in 82 normal females, 113 normal males,
100 psoriatic females and 75 psoriatic males.
or less (40 micrograms per 100 cc). The frequency distributions of the plasma
vitamin A levels in these four groups are presented in Figure 3.
The difference between the average vitamin A levels of the younger and older
females was statistically significant; the difference between those of the younger
and older males was just at the border of statistical significance; the differences
between the vitamin A levels of younger men and younger women and between
those of older women and older men were statistically significant. The distinct
statistical significance of the difference between the average vitamin A levels of
the younger females and older males, and the near identity of those of the older
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women and younger men were striking. No significant differences were found
between the average carotene levels in any of the four groups (Table 3).
COMMENT
The level of the circulating vitamin A depends on many variables the most
important of which are the intake, absorption, utilization, requirement, storage
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Fia. 2. Distribution of plasma carotene levels in 82 normal females, 113 normal males,
100 psoriatic females and 75 psoriatic males.
and mobilization of both vitamin A and carotene, as well as the conversion of
carotene to the vitamin (6). Under normal circumstances, the plasma vitamin
A level is apparently controlled by a specific regulating mechanism (18). Re-
peated determinations in healthy subjects showed only minor variations over a
period up to thirteen weeks (Table 4). This corroborates previously reported
observations made for shorter periods (6, J4). Even the plasma carotene level,
which varies more easily and to a wider extent than that of the vitamin A appar-
ently represents a biochemical characteristic of the individual. It was found that
the plasma carotene level which had decreased during a depleting regime returned
1!hhn
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approximately to its original value after the dietary restriction was lifted (Table
5). Statistical comparison of the plasma vitamin A and also of the carotene levels
can be regarded, therefore, as a legitimate investigative method. Although devi-
ations of the vitamin A level do not necessarily reveal the source and nature of
the altering influences, a significant difference between the vitamin A levels of
two groups of individuals implies a difference in the physiologic mechanism
which regulates the plasma vitamin A concentration. The statistical difference
TABLE 3
Statistical Evaluation of Plasma Vitamin A and Carotene Levels of Psoriatic Males and
Females under and over .45 Years of Age
GROUPS
Female
Female
Male
Male
NUMBER
or
CASES
61
58
42
42
AGE
yea's
16 to 45*
46 to 7Sf
17 to 45
46 to 711
VITAMIN A IN MICROGRAMS PER 100
CC
CAROTENE US MICROGTAKS 1'ER 100 CC
21.5
31.5
31
27
66
74.5
100
89
Mean
40
48
48.5
55
Stand-
Devia-
tiOn
9.8
9.4
12.6
13.6
Stan
Error
Mean
1.25
1.2
1.95
2.1
47
62
31
19
328
295
255
310
Mean
137
137.5
136
135
Stand-
Devia-
tion
58.6
52.4
52.9
53.4
tan -
Error
Mean
7.5
6.5
8.3
8.25
COMPARED GROUPS t VALUE t VALUR
Younger Females* and Older
Femalest
Younger Males and Older
Malesl
Younger Females and Younger
Males
Older Females and Older
Males
Younger Females and Older
Males
Older Females and Younger
Males
4.4
2.3
3.6
3.3
6.7
0.21
0.02
0.07
0.11
2.0
0.19
0.13
between the vitamin A levels of males and females, therefore, leads to the con-
clusion that a sex disparity in the vitamin A metabolism exists.
The predominance of higher vitamin A values in men might indicate a demand
for greater amounts of vitamin A for maintaining the normal function of the
male skin. This interpretation is supported by clinical observations which sug-
gest that the skin of men is more susceptible to disturbances of the keratin pro-
duction. Frazier and Hu reported an impressive sex difference in the incidence
of the cutaneous lesions due to vitamin A deficiency. While in the prepubertal
age group, males and females were about equally affected, in the group from 15
to 30 years of age, almost only males were afflicted; not a single case of vitamin
A deficiency appeared in a woman after the age of 30 (2). Darier's disease, which
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FIG. 3. Distribution of plasma vitamin A levels in 61 females 16—45 years, 58 females
46—75 years, 42 males 17—45 years and 42 males 46—71 years of age.
A sex difference in the vitaminA system implies that the sex hormones influ-
ence and modify the physiologic forces acting upon the vitamin A. This con-
clusion is supported by well established observations. The vitamin A levels
markedly decrease during pregnancy and sharply rise soon after its termination
and during lactation (26-31). The excessive quantity of carotene present in the
skin of castrates can be restored to normal by the administeration of testosterone
propionate (32). Vitamin A is present in the tubular and Leydig's cells of the
testis and in the subcapsular connective tissue of the ovary only during the gen-
erative years and it disappears in higher age and climacterium (33). A further
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is a dyskeratosis with proliferation of all epidermal layers and hyperkeratosis,
particularly of the pilosebaceous elements, is more common in men than in
women (19—21). Also psoriasis vulgaris, in the pathophysiology of which a defect
in the reactive process of keratinization appears to be basic, occurs more fre-
quently in males than in females (22—25).
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corroboration can be found in the presented statistical data which showed that
the vitamin A levels were higher in the older than in the younger age groups
and that the differential between the female values was larger than that be-
tween the male values. Since the gonadal activity is evidently far greater from
puberty to forty-five years of age than from forty-five to the senium, one may
rightly conclude that the gonads depress the plasma vitamin A level, and that
this mechanism is more effective in women than in men. It is most probably
accomplished by a process, in the course of which the capacity of the liver to
store vitamin A grows, an assumption supported by the reported finding of
larger amounts of vitamin A in the liver of pregnant than of non-pregnant rats
TABLE 4
Plasma Vitamin A Levels in Micrograms per 100 cc of Normal Subject8 in
Serial Examinations
SOBJRCI SZX
FIRST
MINA
TION
DETERMINATIONS IN WEEKLY INTERVAlS
— —
1 2 3 4 5 6 7 8 9 10 11 12 13 14
A.G. Female 48 — — 51 — — 50 50
T. H. Male 41 43 — 41 39 31 39 40 39
R.H. Male 48 — — 51 — — 50 50
S.H. Male 53 — — 57 — 53 54 54
E.H. Male 53 56 — 46 54 52
J.H. Male 46 — — — 45 47 46 — — 44 47 — — — — 46
P. L. Female 45 41 — 47 44 — 44 44
E.L. Female 38 40 — — 38 43 36 36 45 40 40 — 38 — — 40
E.M. Female 39 42 39 40 36 39
M.M. Female 50 — 45 — 53 — 56 47 50
M. M. (1) Female 53 55 — — 53 63 55 57 56
B.S. Female 40 — — — 41 48 — 40 42
G. S. Male 53 51 52 — 49 50 54 45 40 — 49
H;S. Male 56 — — 59 56 60 52 48 — — 55
L. T. Female 38 36 — 36 38 34 — 36 37
G. Y. Female 34 — 34 — 38 32 31 30 33
Q. Y. Female 34 — — — — 38 — 32 30 36 — 33 33 — — 34
45Mean 45
(30) and of higher vitamin A liver deposits in female than in male animals (9).
Contrawise, the presence of vitamin A in the cells concerned with the produc-
tion of the sex hormones also indicates that changes of the vitamin A metabo-
lism are apt to alter the activity of the gonads. Other observations sustain this
consideration. Underdevelopment and atrophy of the testis occur in vitamin A
deficiency (34—41). The basophilic cells of the pituitary increase in vitamin A
depleted male and female rats similar to what is seen after gonadectomy (42).
Vitamin A deficiency reportedly stimulates the gonadotrophic effect of the
pituitary gland (37).
The following conclusions are offered as a working hypothesis for further in-
vestigations.
1. The statistical differences between the average plasma vitamin A levels of
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males and females indicate a sex difference in the physiologic dynamics which
act upon the vitamin A.
2. The sex difference in the average vitamin A level is one feature of the re-
lations existing between vitamin A and the gonadal hormones.
3. The age difference in the average vitamin A level which is more marked in
the female than in the male, is apparently related to the degree of the gonadal
activity.
TABLE 5
Plasma Carotene Levels in Micrograms per 100 cc of Psoriatic Subjects on Unrestricted and
Low Vitamin A and Carotene Diet
SITSJEGT SEX
BEFORE
RESTRICTION
LOWEST VALUE
DURING
RESTRICTION
DURATION OF
RESTRICTED
DIET
AFTER
RESUMING
NORMAL DIET
DURATION OF
NORMAL DIET
weeks week5
M. L. Female 209 86 15 169
206
4
9
R. K. Male 145 54 5 84
116
2
8
M. K. Female 133 47 8 117 5
A. H. Female 144 63 8 133
146
3
7
E. L. Female 102 25 30 93 15
C. F. Male 185 23 9 137
205
218
217
186
4
16
19
21
40
M. W. Male 64 0 39 52
72
53
53
4
6
9
12
4. The biologic repercussions and clinical manifestations of any disturbance
in the vitamin A system vary according to the sex. The restriction of the vitamin
A intake, therefore, produces different effects in male and female.
SUMMARY
Statistical analysis of the plasma vitamin A and carotene levels of normal and
psoriatic men and women was done to collect data relative to the problem of
the sex difference in vitamin A metabolism. The plasma vitamin A levels of men
are higher than those of women in the normal as well as in the psoriatic group.
The difference between the average plasma vitamin A levels of normal men and
women as well as that of psoriatic men and women are statistically significant.
The difference between the average vitamin A levels of normal and psoriatic
females is just on the border of statistical significance, while the difference be-
tween the vitamin A levels of normal and psoriatic males is not significant. The
difference between the average carotene levels of normal men and women is the
only significant statistical difference within the carotene group.
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The statistical examination of the vitamin A and carotene values of psoriatic
men and women from sixteen to forty-five and from forty-six to seventy-five
years shows that the average vitamin A levels are higher in the older than in the
younger age groups. The difference between the average vitamin A levels of the
younger and older females is statistically significant while the difference between
the vitamin A values of the younger and older males is at the border of statistical
significance. A marked statistical significance of the difference between the vita-
min A levels of the older men and the younger women is found, while the average
vitamin A levels of women of the older and men of the younger age group are
equal. No significant differences are found between the average carotene levels
as related to age. Our observations indicate that the plasma vitamin A as well
as the carotene levels are biochemical characteristics; their statistical analysis,
therefore, can be considered a valid investigative method. The statistical results
are interpreted and their possible biologic implications are discussed.
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